Cutaneous melanoma is least common (only about 1% of skin cancers) but is the deadliest malignant tumor. Moreover, amelanotic types of melanoma are very difficult for clinical diagnosis. The standard therapy can cause a lot of side effects, e.g., nausea, vomiting, and headaches, which means that novel and effective strategies are required. Interestingly, phenothiazine derivatives possess sedative, antiemetic, and anticancer activity. Our goal was to determine the effect of perphenazine and prochlorperazine on cell viability, motility, microphthalmia-associated transcription factor (MITF) and tyrosinase content in melanotic and amelanotic melanoma cells. The viability of C32 and COLO829 melanoma cells was evaluated by the WST-1 colorimetric assay; impact on motility of human melanoma was performed by wound-healing assay, while tyrosinase and MITF content were determined by Western blot. In the present study, we explore the anticancer effect of perphenazine and prochlorperazine in human melanotic (COLO829) and amelanotic (C32) melanoma cells concluding that prochlorperazine inhibits cell viability in a concentration-dependent manner, impairs motility, and decreases tyrosinase and MITF amounts. Moreover, the analyzed drugs decrease/increase MITF amount depending on the type of melanoma. We demonstrated that the decrease of MITF and tyrosinase protein induces motility inhibition of C32 cells, which suggests the ability of those drugs to restore cancer cell sensitivity to treatment. The ability of prochlorperazine to contain the spread of the amelanotic melanoma in vivo may be helpful in the development of a new and effective antimelanoma therapies.
Introduction
Cutaneous melanoma is least common, yet accounts for only about 1% of skin cancers, and is the deadliest malignant tumor which begins in melanocytes of the skin (Garbe et al. 2016 ). According to the American Cancer Society in the year of 2018, it is estimated that in the USA, there will be 91,270 new cases of melanoma (55,150 for male, 36,120 for female) and 9320 deaths (5990 for male and 3330 for female) caused by the cancer (Siegel et al. 2018 ).
While melanomas are usually heavily pigmented, they can be also amelanotic, or devoid of pigment (Garbe et al. 2016) . Thus, amelanotic melanoma is not only very difficult for clinical diagnosis (Chiaravalloti and Banki 2017) but also is more frequent and lethal than pigmented melanoma (Thomas et al. 2014) . The primary treatment for most melanomas is surgery (Miller et al. 2016) or chemotherapy with dacarbazine and/or ipilimumab; additionally, a combination of vemurafenib and ipilimumab is recommended as first-line treatment depending on type of BRAF (B-Raf proto-oncogene) gene mutation of patients (Harries et al. 2016) . Unfortunately, side effects such as nausea, vomiting, weight loss, decreased appetite, headache, fatigue, pyrexia, and insomnia may occur during melanoma chemotherapy (Drobek et al. 2017) . Interestingly, perphenazine and prochlorperazine not only possess sedative, antiemetic (Motohashi et al. 2006; Sudeshna and Parimal 2010) , and anticancer activity but also modify multidrug resistance (Girly et al. 2014; Jaszczyszyn et al. 2012) .
Melanogenesis is a multistep process of melanin pigment synthesis, which is regulated by the key enzyme tyrosinase, and a major transcription factor: microphthalmia-associated transcription factor (MTIF), which promotes differentiation, has a pro-survival role, and participates in cell cycle and metabolism regulation in melanocytes and melanoma (Kawakami and Fisher 2017; Otręba et al. 2012) .
Previously, we determined cytotoxic activity of perphenazine and prochlorperazine towards human glioblastoma U87-MG cells. The obtained EC 50 values were related to their toxic concentrations in human plasma (Otręba and Buszman 2018) . The current study is aimed at exploring the anticancer effect of perphenazine and prochlorperazine towards human melanotic (COLO829) and amelanotic (C32) melanoma cells. We conclude that perphenazine and prochlorperazine are an effective melanoma treatment based on the effect of the drugs on cellular viability, and motility, ability, as well as MITF and tyrosinase content.
Materials and methods

Cell culture and reagents
The human melanotic (COLO829) and human amelanotic (C32) cells were obtained from the ATCC (USA) and cultured in RPMI1640 (with L-glutamine) basal medium and DMEM basal medium at 37°C in 5% CO 2 , respectively. Both media were supplemented with FBS (10%), neomycin (10 μg/mL), amphotericin B (0.25 μg/mL), and penicillin G (100 U/mL). Perphenazine, prochlorperazine dimaleate, amphotericin B, and penicillin G were purchased from Sigma-Aldrich Inc. (USA). Cell Proliferation Reagent WST-1 was acquired from Roche GmbH (Germany). Neomycin sulfate was obtained from Amara (Poland). Trypsin/EDTA 0.25%/0.02% in PBS, fetal bovine serum (FBS) EU Professional heat-inactivated, growth medium DMEM with 4.5 g/L glucose, L-glutamine and 3.7 g/L NaHCO 3 as well as RPMI1640 with L-glutamine and 2.0 g/L NaHCO 3 were obtained from PAN Biotech GmbH (Germany).
Cell viability assay
The viability of human melanoma COLO829 or C32 cell lines was evaluated by the colorimetric assay: WST-1 (4-(3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio)-1,3-benzene disulfonate) as previously described (Otręba and Buszman 2018) with slight modification. The melanoma cells were seeded in Falcon 96-well microplate (Corning, USA) at a cell density of 2500 cells/well and incubated in supplemented RPMI1640 or DMEM growth medium for 24 h. Then, the medium was removed and cells were treated with perphenazine and prochlorperazine solutions in a concentration range from 1 to 10 μM. Stock solutions of drugs were prepared in water as solvent and dissolved in the bathing medium to obtain final concentrations of 1 or 10 μM. The absorbance of the samples was measured after 24 h incubation using a microplate reader Tecan Infinite M200 Pro (Tecan Group Ltd., Switzerland).
Wound-healing assay
The assay was performed according to the method described by Cao et al. (2014) and Justus et al. (2014) with slight modification to evaluate motility of the cells. In brief, 0.75 × 10 6 or 0.5 × 10 6 cells per well were plated in a 35-mm cell culture dish (Sarsted, Germany) in a supplemented RPMI1640 or DMEM growth medium and incubated at 37°C and 5% CO 2 for 24 h to approximately 80-90% confluence. Then, the cells were scratched with a sterile 200-μl pipette tip across the dish to generate straight wound area, and then the medium and cell debris were carefully aspirated from the dish. After that, 2 ml of supplemented growth medium, perphenazine, or prochlorperazine solutions were slowly added against the dish wall to cover the bottom of the dish to avoid detaching additional cells and incubated in the incubator for 24 h. The wound areas were photographed at 6 time points, every 3 h (0, 3, 6, 9, 12, and 24 h) post-scratching using an inverted microscope Nikon TS100F (Nikon Corporation, Japan) equipped with a Canon EOS 450D digital camera (Canon Inc., Japan). Each time, three photos of each dish were taken and dishes were immediately placed in the incubator. All the photos were analyzed using ImageJ 1.51j8 software (National Institute of Health, USA) with the MRI wound-healing tool plug-in (Montpellier RIO Imaging, France) to measure the area of the wound. To analyze the time-dependent changes, the wound area of all the samples in t 0 were normalized to 100% for each assay and all of the t 3 -t 24 samples were expressed as a percentage of relevant t 0 samples.
Western blot analysis
The MITF, tyrosinase protein, and β-actin amounts were determined by Western blot analysis according to the method described by Alao et al. (2014) with slight modification. Cells were treated with various concentrations of perphenazine, prochlorperazine, or medium for 24 h. Then, cells were lysed directly in ice-cold Pierce RIPA buffer (Thermo Fischer Scientific, USA) and a Halt Protease Inhibitor (Thermo Fischer Scientific, USA) at 4°C for 30 min with gentle agitation. Protein concentrations were analyzed by using a Pierce BCA Protein Assay Kit (Thermo Fischer Scientific, USA), and samples were stored at − 80°C. Samples were diluted in SDS-PAGE sample loading buffer (Advansta Inc., USA) containing 100 mM dithiothreitol and boiled at 99°C for 5 min. Proteins were separated on 10% SDS-PAGE along with protein markers and transferred onto nitrocellulose membranes using a semi-dry blotting machine (Peqlab Ltd., UK). The membranes were blocked in blocking buffer [5% (w/v) non-fat dried milk in TBST buffer (0.05% (v/v) Tween 20/TBS)] for 1 h at room temperature. Proteins were detected by incubation with primary antibodies: Tyrosinase monoclonal antibody (T311) (MA5-14177, Thermo Fischer Scientific, USA), MITF (D5G7V) Rabbit mAB, and β-actin antibody (12590S, 4967S, Cell Signaling Technology, USA), at 1:1000 dilutions in blocking buffer overnight at 4°C. β-Actin was used as an internal control protein for loading normalization of the quantification analysis. The membranes were washed with TBST solution and then incubated with secondary peroxidase antibodies, goat anti-mouse IgG whole molecule, or goat anti-rabbit IgG whole molecule both diluted 1:2500 (Sigma-Aldrich, USA) at room t e m p e r a t u r e u s i n g t h e B l o t C y c l e r ™ ( P r e c i s i o n Biosystems, USA), according to the manufacturers' instructions. Immunoreactive bands were visualized using a Pierce ECL Western Blotting Substrate (Thermo Fischer Scientific, USA) following the manufacturer's protocol. The signals were detected with G:BOX XT4 (Syngen, UK) and expressed as the percentage of the controls.
Statistical analysis
In cellular viability and motility experiments, mean values of at least three separate experiments (n = 3) performed in triplicate ± standard deviation (SD) were calculated. In Western blot analysis, mean values of at least three separate experiments (n = 3) ± standard deviation (SD) were calculated. Statistical analysis was performed with one-way ANOVA (comparison samples vs control) with Dunnett's multiple comparison test and two-way ANOVA (the influence of cell line and time or drug concentration) followed by the Tukey post hoc test using GraphPad Prism 6.01 software. The significance level was established at the value of p < 0.05 (*) or p < 0.01 (**).
Results
Perphenazine and prochlorperazine decrease viability of melanoma cells
Perphenazine in concentrations 2.5, 5.0, 7.5, and 10.0 μM reduced COLO829 cells viability by 26.0, 52.0, 82.6, and 86.2% respectively, as well as in concentrations 1.0, 2.5, 5.0, 7.5, and 10.0 μM lost 10. 8, 39.0, 73.5, 85.3, and 90 .9% of C32 cell viability, respectively (Fig. 1a) . In the presence of prochlorperazine in concentrations 2.5, 5.0, 7.5, and 10.0 μM, the COLO829 and C32 melanoma viability decreased to 26.3, 56.7, 83.5, and 86.0% as well as to 31.3, 77.7, 85.3, and 91 .2% after a 24-h incubation, respectively (Fig. 1b) . The influence of the lowest concentration of perphenazine (1.0 μM) as well as perphenazine and prochlorperazine (1.0 μM) on melanotic COLO829 and amelanotic C32 cell viability after 24-h incubation was not significant. The EC 50 values (the concentration of a drug that produces a loss in cell viability by 50%) for perphenazine and prochlorperazine on COLO829 and C32 cells are shown in Table 1 . Fig. 1 The effect of perphenazine (a) and prochlorperazine (b) on human melanoma cell viability COLO829, and C32 cells were treated with various perphenazine and prochlorperazine (10-100 μM) concentrations and examined by the WST-1 assay. Control samples contain cells in normal medium. Data are expressed as percent of the controls. Mean values ± SD from three independent experiments (n = 3) performed in triplicate are presented **p < 001 vs the control samples, ##p < 001 COLO829 vs C32 samples Perphenazine and prochlorperazine impact on motility of human melanoma
The effect of perphenazine and prochlorperazine on cell motility of COLO829 or C32 melanoma cells were examined using a quantitative wound-healing assay. After 6 h of treatment with 1 μM prochlorperazine, the total wound area in melanotic melanoma cultures decreased by 30.4% in comparison to t 0 . In case of 9, 12, and 24 h incubation, significant acceleration of wound closure and reduction of total wound area from 33.6% to 85.8% as well as from 48.2% to 92.8% and from 38.3% to 86.7% were observed for control and perphenazine (1 and 4 μM), respectively in comparison to t 0 group. For the same concentrations of prochlorperazine, acceleration of wound closure and reduction of total wound area from 46.2% to 86.8% and from 33.9% to 83.0% were also observed, respectively, in comparison to t 0 group (Fig. 2a and  c) . After 9 h in C32 cells in control we found the significant reduction of total wound area by 30.4% in comparison to t 0 group. After 12 h incubation, significant acceleration of wound closure and reduction of total wound area by 39.0%, 38.1%, 29.0%, and 32.1% were observed for control, perphenazine (1 and 3 μM), and prochlorperazine (1 μM), respectively, in comparison to t 0 group. The inhibition of melanoma motility and delayed wound closure by 82.3%, 24.2%, 32.4%, 41.6%, 34.5%, and 50.3% were observed for 12-h treatment amelanotic cells with prochlorperazine concentration of 3 μM as well as for 24 h for control, perphenazine, and prochlorperazine (1 and 3 μM), respectively in comparison to t 0 group (Fig. 2b and d) . Moreover, significant inhibition of melanoma motility was observed after 6, 9, 12, and 24-h treatment amelanotic cells with prochlorperazine concentration of 3 μM in comparison to control. In case of perphenazine, significant inhibition of C32 motility was observed only after 24-h treatment with concentration of 3 μM, in comparison to control.
The effect of perphenazine and prochlorperazine on MITF and tyrosinase content in melanoma MITF and TYR proteins were expressed via western blot after a 24-h treatment of melanotic and amelanotic melanoma cells by different concentrations of perphenazine and prochlorperazine. In the case of COLO829 cells, an increase of MITF levels by 38.5 and 92.4% as well as 84.0 and 118.7% in comparison to control was observed after treatment of perphenazine (1 and 4 μM), and prochlorperazine (1 and 4 μM), respectively. The changes in tyrosinase level were not observed (Fig. 3a, c, and d) . However, in the C32 cells treated with prochlorperazine in concentration, 3 μM TYR levels reduced by 24%, while after 24-h treatment with prochlorperazine in concentrations, 1 and 3 μM MITF level decreased by 17.9 and 25.2% compared with its control group, respectively ( Fig. 3a and b) .
Discussion
Our previous study has shown that perphenazine and prochlorperazine induce a concentration-dependent loss in human glioblastoma U87-MG viability; additionally, obtained EC 50 values for the drugs (0.98 and 0.97 μM, respectively) correlate with their toxic human plasma concentrations (Otręba and Buszman 2018) , which are from 0.05 to 1 μg/ml (i.e., 0.12-2.47 μM) for perphenazine and from 0.2 to 1 μg/ml (i.e., 0.33-1.65 μM) for prochlorperazine (Schulz and Schmoldt 2003; Winek et al. 2001) . In the present study, we have demonstrated that prochlorperazine can reduce cell viability, impair motility, and decrease tyrosinase and MITF content in human amelanotic melanoma. In addition, we observed significantly increased level of MITF protein, reduced cytotoxicity, and motility in human melanotic melanoma after perphenazine and prochlorperazine treatment. (Kuzu et al. 2017) ) is frequently observed as well as higher sensitivity of amelanotic melanoma (MM96L) in comparison to melanotic (MM96E) after chlorpromazine treatment was also observed (Parsons and Allen 1986) . In accordance with these reports, we find concentration-dependent loss in both human melanoma cells viability treated with perphenazine and prochlorperazine. Furthermore, in the present study, the obtained EC 50 values suggest that the analyzed drugs are more cytotoxic to amelanotic melanoma than melanotic cells as well as that the orders of the drugs' cytotoxicity towards COLO829 and C32 cells are prochlorperazine ≥ perphenazine and perphenazine ≥ prochlorperazine, respectively. Noteworthy, the observed in literature IC 50 (the drug concentration causing 50% inhibition of the desired activity) values for perphenazine (11.6 μM (Gil-Ad et al. 2006) 9.7, 9.3, 10.9, 17.9, and 23.2 μM (Kuzu et al. 2017 ) depending on used cell line) are about 3-7.5× higher than ours indicating that the obtained EC 50 values for amelanotic C32 cells are much closer to the toxic human plasma concentrations. In case of prochlorperazine, the lethal human plasma concentration is (Schulz and Schmoldt 2003; Winek et al. 2001) . Remarkably, our previous study showed that perphenazine and prochlorperazine EC 50 values for normal human epidermal melanocytes neonatal darkly pigmented (HEMn-DP) were 2.76 and 18.49 μM, respectively (Otręba et al. 2016; Otręba et al. 2017) . It suggests that prochlorperazine can be much safer than perphenazine during anticancer therapy, in comparison to the present results for melanotic COLO829 cells-perphenazine is more cytotoxic, while prochlorperazine is about 5× less toxic towards HEMn-DP cells. The benefits of use EC 50 values in potential melanotic melanoma treatment are lower cytotoxicity in comparison to the normal melanocytes as well as the concentration of drugs related to the concentrations detected in human plasma (close to the toxic plasma concentrations), which is interesting, since the anticancer activity of phenothiazine derivatives is usually observed in a range of lethal human plasma concentration. On the other hand, the possibility of undesirable side effect occurrence during the therapy is much Fig. 2 The impact of perphenazine and prochlorperazine on melanoma cell motility. In vitro wound-healing assay on COLO829 (a), and C32 (b) COLO829 cells were incubated for 24 h with perphenazine or prochlorperazine in concentrations (1 and 4 μM), while C32 cells were incubated for 24 h with perphenazine or prochlorperazine in concentrations (1 and 3 μM). Cells were photographed after 0, 3, 6, 9, 12, and 24 h post-scratching by Nikon TF100 inverted microscope × 4 magnification.
Representative cell images from each group at the indicated time points are shown. Wound area in COLO829 (c) and C32 (d) cells expressed as a percentage of control. Mean values ± SD from three independent experiments (n = 3) performed in triplicate are presented *p < 005 **p < 001 vs the t 0 group, #p < 005 ##p < 001 between control, perphenazine, and prochlorperazine in the same time point,~p < 005 between the same drug concentration in the same time point higher, since the drug concentration is not related to the therapeutic plasma concentration range. Thus, much more research is still needed to confirm the effectiveness of phenothiazine derivatives in melanoma treatment. We also evaluated the effect of perphenazine and prochlorperazine on the motility of both human melanoma cell lines since a major problem of melanoma is metastasis to lungs and central nervous system (Batus et al. 2013) . Our study showed significant differences between both melanotic and amelanotic cell line for 1 μM concentration of perphenazine after 9 h (p < 0.01) and prochlorperazine after 9 and 12 h (p < 0.05, p < 0.01, respectively) as well as for highest concentrations of perphenazine after 24 h (p < 0.05) and prochlorperazine after 12 and 24 h (p < 0.01, p < 0.01, respectively). It suggests that 24-h perphenazine and prochlorperazine in the concentration of 3 μM treatment exert significant anti-metastatic effects on human amelanotic C32 cells. Moreover, the significant difference was also observed after 6, 9, 12, and 24 h in the same cell line for prochlorperazine in the highest concentration in comparison to the control, suggesting that the drug could help to contain the spread of the amelanotic melanoma in vivo.
The microphthalmia-associated transcription factor (MITF) is considered as an important growth and survival factor (Wellbrock and Arozarena 2015) . The level of MITF is very important for melanoma, since medium levels of MITF expression were found in melanoma patients with high mortality (Agnarsdóttir et al. 2012) , a low activity is related to stem cell-like or invasive potential, while high levels regulate either differentiation or proliferation (Carreira et al. 2006; Hartman and Czyz 2015) . Importantly, decrease of MITF levels is frequently observed in different melanoma cells (Fane et al. 2017; Simmons et al. 2017; Vlčková et al. 2018) , while the depletion of MITF significantly reduced the migration of melanoma cells . Noteworthy, all the results suggest that the role of MITF in melanoma cell migration depends on the used cell line. Consistent with this statement, we showed a significant dose-dependent increase of MITF level together with no impact on motility of COLO829 cells treated with perphenazine and prochlorperazine. In contrast, the significant decrease of MITF level and motility was observed only after prochlorperazine treatment in C32 cells, which is considered to be more invasive. Fig. 3 Western blot analysis and a correlated graph of the relative amount of selected proteins including loading controls a blots of tyrosinase, MITF and β-actin, as well as their relative amounts: b tyrosinase in COLO829 and C32 after 24-h prochlorperazine treatment, c MITF in COLO829 and C32 after 24-h prochlorperazine treatment, d tyrosinase in COLO829 and C32 after 24-h perphenazine treatment, e MITF in COLO829 and C32 after 24-h perphenazine treatment, expressed as percent of control. Perphenazine and prochlorperazine were used in the same concentrations as in the wound-healing assay. Mean values ± SD from three independent experiments (n = 3) are presented *p < 005, **p < 001 vs the control samples or COLO829 vs C32 samples MITF is also essential for melanogenesis process by the transcription regulation of tyrosinase (TYR), tyrosinase-related protein 1 (TRP1), and dopachrome tautomerase (DCT) (Vachtenheim 2017) . Since melanin content may be related to viability and motility of melanoma as well as being crucial for the effectiveness of anti-melanotic therapy, we decided to measure amount of the tyrosinase. It is possible, since the pigment is able to reversibly bind metal ions, organic amines, cyclic compounds, and drugs ), e.g., phenothiazine derivatives (Otręba et al. 2017) , and are retained in cells for long periods leading to protect the cells or causing toxicity slowly release accumulated compounds from depot ). Thus, a modulation of tyrosinase may restore cancer cell sensitivity to chemotherapy by the depletion of pigment amount and increasing the concentration of unbound drug (Buitrago et al. 2016 ). An important point is the fact that TYR expression is observed in nevi and in 80-90% of primary and metastatic melanomas, which makes it a useful diagnostic marker (Pitcovski et al. 2017) as well as that decrease of tyrosinase amount is frequently observed and correlates with the MITF level (Hashemi-Shahri et al. 2018 , Lee et al. 2015 . In the present study, we observed a significant decrease of tyrosinase in C32 cells after prochlorperazine treatment only in concentration of 3 μM. This might be an effect of stronger inhibition of MITF protein and suggests that the decrease of TYR level is caused by a decline of MITF amount. Thus, our finding may confirm the role of melanin pigment in effectiveness of prochlorperazine in amelanotic melanoma therapy, since in C32 cells we observed significant decrease of tyrosinase and MITF amount as well as impair motility and viability of the cells. However, our study has a major limitation-no experiments evaluating the receptor(s) involved in the observed effects. Therefore, analysis of the role of tested drugs on serotonin (5-HT) and dopamine (D) receptors would provide reliable information on antimelanoma activity.
Interestingly, the potential anticancer activity of phenothiazine derivatives may be confirmed in the near future, since according to the National Cancer Institute ( Data presented here indicates that perphenazine and prochlorperazine possess an anticancer activity in vitro and significantly decrease viability in melanotic and amelanotic cells. We showed the decrease of tyrosinase and MITF amount as well as impairment of motility in C32 cell line. These results highlight that prochlorperazine is the most effective towards amelanotic cell line and could be a promising strategy for treating amelanotic melanoma. Moreover, prochlorperazine possess antiemetic activity and modifies multidrug resistance which is necessary in anticancer therapy. Thus, we considered that the drug may have a potential for the development of new and effective amelanotic melanoma therapy. To confirm the effectiveness of prochlorperazine in melanoma treatment, more research is still needed, such as 5-HT and/or D receptor's role, cell invasion and migration by the Transwell assays as well as apoptosis.
